A lthough anomalies of the upper cervical spine are not uncommon and have multiple variations, 7 only 5 cases of cervical myelopathy caused by invagination of an anomalous lamina of the axis have been reported. [1] [2] [3] [4] [5] We describe an extremely rare case of cervical myelopathy caused by invagination of the bilaterally separated lamina of the axis and present a review of the literature.
pressed at the C2-3 level, on the right side, by a deeply invaginated anomalous lamina of the axis, corresponding to the intramedullary T2 high-intensity area (Fig. 2) . Multiplanar reconstruction of the CT scans revealed that the right side of the axis lamina was deeply invaginated into the spinal canal and revealed a bilateral separation of the C-2 lamina (Fig. 3) .
Operation. The patient underwent removal of the anomalous invaginated fragment of the separated lamina of the axis. During surgery, the enlarged C-2 spinous process, the bilaterally separated lamina of the axis, and the defect of the posterior atlantoaxial ligament were observed. The anomalous osseous fragment was found to be somewhat mobile and to be free from the C-2 vertebra. After the bilateral fibrous tissue between the bilaterally separated lamina and the adjacent lamina was released and the right side of the adjacent lamina was partially excavated, this anomalous osseous fragment was removed because it was connected to the C-2 vertebra by fibrous tissue only. After this fragment was removed, the dural tube was decompressed and pulsing well.
Postoperative Course. At 1 year after surgery, the patient was doing well. The spastic gait and clumsiness of his right hand had completely resolved; however, the right dominant sensory disturbance in his trunk and extremities partially remained.
Discussion
Five previously published reports of cervical myelopathy caused by invagination of an anomalous lamina of the axis have been identified [1] [2] [3] [4] [5] (Table 1) . We classified these 6 reported cases into 2 groups according to presence or absence of spina bifida occulta of the axis. Three patients (Cases 1, 3, and 5 in Table 1 ) had spina bifida occulta, and the other 3 (Cases 2, 4, and 6 [the patient reported here]) did not. [1] [2] [3] [4] [5] Embryologically, at the 10th week of gestation, 4 posterior vertebral arch chondrification centers unite to form 2 ossification centers on both sides of the vertebra. Each of the 2 ossification centers forms a pedicle, a lateral mass, and half of the lamina (Fig. 4) . The 2 ossification centers fuse posteriorly when the child is 2-3 years of age. 6 The pathogenesis of this rare laminar anomaly could be the failure of the 2 chondrification centers on either side to fuse into a single ossification center, resulting in a bilaterally separated lamina. Moreover, failure of the 2 ossification centers to fuse posteriorly, when associated with failure of the 2 chondrification centers on either side to fuse into a single ossification center, could lead to bilateral separation of the lamina with spina bifida occulta. 1, 4 Of the 6 reported patients, 5 remained asymptomatic until the 4th, 5th, or 6th decade of their life. [1] [2] [3] [4] [5] Sakai et al. explained that this late onset might be the result of developmental adaptation of the spinal cord. 5 Asakawa et al. considered that the late-onset myelopathy might be the result of complications arising during the aging process, which caused progressive narrowing of the cervical spinal canal and spinal cord compression in a congenitally small spinal canal. 1 Interestingly, for the patients in Cases 2 and 6, lateral flexion/extension radiographs of the cervical spine showed slight movement of the spinous process of the axis. 4 This movement could gradually promote progression of the osseous protrusion into the spinal canal, producing late-onset symptomatic spinal cord compression.
All 6 patients underwent surgical decompression, including removal of the anomalous bony fragment, which resulted in favorable outcomes. Therefore, surgical decompression is an effective treatment choice for cervical myelopathy associated with this condition.
